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a b s t r a c t
In pigs, three different trichomonad species (Tritrichomonas foetus, Tetratrichomonas but-
treyi and Tritrichomonas rotunda) have been described as commensals in the large intestine.
The aim of this study was to gain further knowledge on the prevalence and pathogenic-
ity of trichomonads in pigs by using a morphology-based approach. Chromogenic in situ
hybridization (ISH) is a technique which allows direct localization of the protozoa in the
intestinal tissue and correlation of the infection with pathologic changes. In the present
study parafﬁn-wax embedded colon and ileum samples of 192 pigs were analyzed with
this method. Using a probe speciﬁc for all known members of the order Trichomona-
dida (OT) 100 of the 192 pigs were tested positive. Thereof, about 10% showed moderate
to high-grade parasitic load with trichomonads invading the lamina propria. Partial 18S
ribosomal RNA gene sequencing of six of those animals showed a 100% sequence identity
with T. foetus sequences. The majority of these animals were also tested positive for other
enteropathogenic agents, such as Brachyspira sp., Lawsonia intracellularis, Escherichia coli,
and porcine circovirus type 2. All OT-positive samples were further examined with another
probe complementary to all known Tritrichomonas species sequences including T. foetus,
T. augusta, T. mobilensis and T. nonconforma resulting in only 48 positives. These results
suggest that T. foetus may not only be considered as an intestinal commensal but rather a
facultative pathogen of pigs with a tendency for tissue invasion in the presence of other
agents. Furthermore, the existence of other – yet to be identiﬁed – trichomonad species in
as showthe colon of pigs w
. Introduction
Infections with protozoal parasites of the order
richomonadida (phylum Parabasala) are common in vet-
rinary medicine. Trichomonads are anaerobic protists,
ossess hydrogenosomes instead of mitochondria, and
an harbor up to six ﬂagella. The order Trichomona-
ida comprises four families – Monocercomonadidae,
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Trichomonadidae, Tritrichomonadidae and Trichomitidae
(Hampl et al., 2006). In pigs, a variety of trichomonads have
been described to inhabit the intestinal tract (Rivera et al.,
2008). Thereof, Tritrichomonas suis (Lun et al., 2005), which
was shown to be the same species as Tritrichomonas foetus
(Parsonson et al., 1976), has been most frequently found.
T. foetus furthermore inhabits other host species like cats,
where it elicits colitis (Levy et al., 2003). In pigs, T. foe-
Open access under CC BY-NC-ND license.tus (Tachezy et al., 2002) is regarded a commensal mainly
present in the colon and occasionally in the small intes-
tine (Lun et al., 2005). Other trichomonads described in
pigs are Tritrichomonas rotunda (Hibler et al., 1960) and
ary ParaM.M. Mostegl et al. / Veterin
Tetratrichomonas buttreyi (Rivera et al., 2008). In the case
of T. rotunda no further literature exists, and there are no
gene sequences of this species available. This species is
not distinguishable by light microscopy from T. foetus and
thereforemaynotbe consideredasan independent species.
T. buttreyi has also been detected in the rumen and caecum
of cattle and has been shown to be associated with diar-
rhea in heifers (Castella et al., 1997). However, T. buttreyi is
still considered to be non-pathogenic in cattle (Cobo et al.,
2004).
Currently all trichomonad species found in pigs are con-
sidered to be commensals and non-pathogenic. This might
be due to the fact that in routine histopathological exam-
ination trichomonads are often overlooked or mistaken
for cell debris or ingesta. To assess the prevalence and
the pathogenicity of trichomonads a study was performed
using chromogenic in situ hybridization (ISH) for the visu-
alization of the parasites in porcine intestinal samples.
2. Materials and methods
2.1. Sampling
192 pigs suffering from chronic disease, the major
symptoms of which were wasting, diarrhea, dyspnoea and
skin lesions, were examined for infection with intesti-
nal trichomonads. All pigs had already been tested for
the presence of other pathogens such as Brachyspira sp.,
porcine circovirus type 2 (PCV-2), Lawsonia intracellularis
and Escherichia coli (Komarek et al., 2009). During this for-
mer study all pigs were subjected to necropsy one to three
hours after euthanasia, and amongst other samples, tissues
from the ﬁrst and the second colonic loop, as well as from
the ileum were taken. The tissues were ﬁxed in 7% neu-
tral buffered formalin and embedded in parafﬁn wax for
further examination.
2.2. In situ hybridization probes
Two runs of ISH were performed on parafﬁn embedded
tissue sections including ileum and the ﬁrst and the second
colon loop. In the ﬁrst run a probe able to detect all known
representatives of the order Trichomonadida (OT probe)
(5′-TTG CGG TCG TAG TTC CCC CAG AGC CCA AGA ACT-3′)
was used (Mostegl et al., 2010). Positive samples were sub-
jected to a second ISH run, duringwhich ISHwasperformed
on two consecutive tissue sections using the OT probe and
a second probe able to detect all Tritrichomonas species
(Tritri probe), respectively. The Tritri probe was newly
designed after extensive homology studies of all 18S ribo-
somal RNA (rRNA) genes of different Tritrichomonas species
(T. foetus, T. augusta, T. mobilensis, T. nonconforma) avail-
able in the gene bank, carried out with the Sci Ed Central
(Scientiﬁc & Educational software, Cary, NC, USA) soft-
ware package. A strongly homologous region (a maximum
probe target mismatch of one nucleotide) complementary
to a segment of the 18S rRNA gene of all Tritrichomonas
specieswas chosen. The selected Tritri probe sequencewas
5′-AGC TGT AGC CTT TTC AGG ACA GCA TCT CT-3′. This
sequence was further analyzed using the Basic Local Align-
ment Search Tool (BLAST, www.ncbi.nlm.nih.gov/blast.cgi)sitology 178 (2011) 58–63 59
to search against GenBank sequences and exclude unin-
tentional cross-reactivity. Subsequently, the Tritri probe
sequence was sent to Euroﬁns MWG Operon (Ebers-
berg, Germany) for probe synthesis and 3′ end labeling
with digoxigenin. Afterwards the probe was tested pos-
itive on protozoal culture sections containing T. foetus
or T. augusta, respectively. No positive signals were
achievedwithall other analyzedprotozoal culture sections,
including Histomonas meleagridis, Hypotrichomonas acosta,
Monocercomonas colubrorum, Pentatrichomonas hominis,
Tetratrichomonas gallinarum, Trichomonas gallinae and Tri-
chomitus batrachorum (Mostegl et al., 2010). To rule out
cross-reactivity the probe was tested negative on vari-
ous embedded cultures or tissue samples including several
species of other protozoan parasites, fungi, bacteria and
viruses as listed in Mostegl et al. (2010).
2.3. In situ hybridization
Chromogenic ISH was performed according to a previ-
ously publishedprotocol (Chvala et al., 2006). In brief, 3m
parafﬁn wax embedded tissue sections were dewaxed
and rehydrated. First, slides were treated with 2.5g/ml
proteinase K (Roche, Basel, Switzerland) in Tris-buffered
saline for 30min at 37 ◦C for proteolysis. Afterwards the
tissue sections were rinsed in distilled water to remove
proteinaseKanddehydrated in alcohol (95%and100%), fol-
lowed by air-drying. The slides were incubated over night
at 40 ◦C with hybridization mixture, 100l of which was
composed of 50l formamide, 20l 20× standard saline
citrate buffer (SSC), 10l dextran sulfate (50%, w/v), 12l
distilled water, 5l boiled herring sperm DNA (50mg/ml),
2l Denhardt’s solution and 1l OT or Tritri probe, respec-
tively, at a concentration of 20ng/ml. The next day, the
slides were washed in decreasing concentrations of SSC
(2× SSC, 1× SSC and 0.1× SSC; 10min each), for removal of
unbound probe. Afterwards the sections were incubated
with anti-digoxigenin-AP Fab fragments (Roche) (1:200)
for 1h at room temperature. The hybridized probe was
visualized subsequent to an additional washing step using
the color substrates5-bromo-4-chloro-3-inodyl phosphate
(BCIP) and 4-nitro blue tetrazolium chloride (NBT) (Roche).
After 2h of incubation the color development was stopped
using TE buffer (pH 8.0). Subsequently, the slides were
counterstained with haematoxylin and mounted under
coverslips using Aquatex (VWR International, Vienna,
Austria).
2.4. Collection of data
Each tissue section was evaluated for two criteria. The
ﬁrst parameter was the parasitic load, which ranged from
scattered (s) (0–3parasitesperhighpowerﬁeld (hpf)), low-
(l) (4–15 parasites per hpf), moderate- (m) (16–40 para-
sites per hpf), to high-grade (h) (>40 parasites per hpf). As
second parameter the localization of the trichomonads in
the intestine was assessed, ranging from parasites found
in the intestinal lumen (lu), or inside crypt lumina (c) to
emigrating into the lamina propria mucosae (e). In animals
displayingmorhgrade infections, thepathological changes
wereevaluatedaccording to the following fourparameters:
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sig. 1. HE staining and ISH using the OT probe of the colon of a pig. (A) HE s
arely be recognized. Bar =80m. (B) At ISH the trichomonads are easily d
dditionally, mild crypt abscesses are present. Bar =80m. (C–E) ISH sho
f them is clearly localized in the crypt surroundings indicating emigratio
1) crypt hyperplasia, (2) moderate to severe non suppura-
ive inﬂammation of the propria, (3) crypt abscesses and
4) presence of dilated, mucus-ﬁlled crypts.
.5. PCR and gene sequence analysis
To classify the found trichomonads, a PCR followed by
ene sequence analysis was carried out on tissue samples
f sections with h/e, m/e and l/e infection grades. Two
amples of each grade were sequenced. For this reason,
enBank sequences of the 18S rRNA gene from T. foe-
us, T. augusta, Tritrichomonas muris and T. buttreyi were
ligned, and primers ﬂanking a region containing at least
ne nucleotide mismatch in-between the species were
esigned. Subsequently, the primers were subjected to
LAST. BLAST analysis showed similar sequences only with
rotozoa from the phylum Parabasala, but not with other
elevantmicroorganisms like bacteria, fungi or viruses. The
esigned sequencing primers: 1064F: 5′-AAC TTA CCAGGA
CA GAT GT-3′ and 1298R: 5′-CAC GGA CCT GTT ATT GCT
C-3′ ﬂanked a region of 234bp (accession no. M81842).
DNA extraction from three 10m thick sections from
ormalin ﬁxed and parafﬁn embedded material was per-
ormed prior to PCR. The sections were dewaxed in xylene,
ashed in ethanol and air-dried. Subsequently, DNA was
xtracted using the nexttec Clean Column kit (Nexttec,
everkusen, Germany) according to the manufacturer’s
rotocol.For DNA ampliﬁcation the PCR master mixture reac-
ions consisted of 10l HotMasterMix (5Prime, Eppendorf,
amburg, Germany), 0.4M of each primer, 2l template
NA and distilled water to a total volume of 25l. PCR
tartedwith aﬁrst heat denaturation step at 94 ◦C for 2min,shows dilatedmucus-ﬁlled crypts inwhich presence of trichomonads can
le by their purple to black staining within the mucus-ﬁlled dilated crypts.
erous trichomonads within crypt lumina but a considerable percentage
he lamina propria mucosae. Bar =80m.
followed by 40 cycles of heat denaturation at 94 ◦C for 30 s,
primer annealing at 60 ◦C for 30 s and DNA elongation at
72 ◦C for 1min. PCR was completed with a ﬁnal elongation
step at 72 ◦C for 10min.
PCR was carried out after the efﬁcacy of DNA extrac-
tion from parafﬁn-embedded tissue and the integrity of
DNA had been tested using primers speciﬁc for the -actin
gene (Weissenböck et al., 2003). The negative controlwas a
PCR mixture containing distilled water instead of template
DNA. 10l of the PCR reaction was analyzed on a 2% Tris
acetate–EDTA–agarose gel. Subsequent to staining with
ethidium bromide the agarose gel was visualized with a
BioSens SC-Series 710 gel documentation system using the
BioSens gel imaging system software (GenXpress, Wiener
Neudorf, Austria). PCR products showing the expected size
were sequenced according to Bakonyi et al. (2004), except
that DNA puriﬁcation after ampliﬁcation was carried out
using the DyeEx 2.0 spin kit (QIAGEN, Hilden, Germany)
instead of ethanol precipitation. The obtained nucleotide
sequences were subjected to BLAST to search against the
GenBank sequences.
3. Results
3.1. In situ hybridization with OT probe
Of the 192 pigs investigated 100 (52.1%) were assessed
as positive in at least one of the examined intestinal sec-
tions with the OT ISH probe (Fig. 1). In 55 cases scattered
protozoal organisms, in 26pigs lownumbers of trichomon-
ads, in 10 animals moderate, and in 9 cases high amounts
of speciﬁcally stained parasites were found (Table 1). In
one case only the ileum section revealed s/lu infectionwith
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gens. T
total nu
infectio
All six achieved sequences from tissue sections of sam-Fig. 2. Total numbers of pigs positive for trichomonads and other patho
(scattered, low, moderate, high or not infected (Neg)); the bars stand for
for Brachyspira sp., PCV-2, L. intracellularis or E. coli, respectively. Multiple
trichomonads, in seven cases both, ileum and colon were
positive,while in all other positive cases only the colonwas
affected.
3.2. Association of trichomonad presence with pathologic
lesions
In total, nine cases of infected pigs (eight: h/e; one:
h/lu) revealed high parasitic load. All animals with a h/e
infestation grade showed pathological lesions, and in the
majority of them multiple changes were present. Of the
10 pigs with moderate trichomonad infection (six: m/e,
three:m/lu, one:m/c) only onewas foundpositive for three
assessed parameters (all except crypt hyperplasia) and one
had crypt abscesses and mucus-ﬁlled dilated crypts. In ﬁve
animals only one of the pathological changes was present
and three pigs displayed no histological lesions at all (data
of cases with high and moderate grades of infections are
summarized in Table 2).
Table 1
Overview of the quantities and locations of trichomonads in the pigs
which were positive after staining with the OT probe (1st run). Tri-
chomonad quantity reached from scattered (s), low (l), and moderate (m)
to high-grade (h). Location of trichomonads was assessed as: intestinal
lumen (lu), crypts (c) or emigration into the lamina propria mucosae (e).
Lumen (lu) Crypts (c) Emigration (e) Total
Scattered (s) 39 9 7 55
Low (l) 12 8 6 26
Moderate (m) 3 1 6 10
High (h) 1 0 8 9
55 18 27 100
Evaluation score: s: 0–3 parasites per high power ﬁeld (hpf); l: 4–15 par-
asites per hpf; m: 16–40 parasites per hpf; h: >40 parasites per hpf.he X-axis shows trichomonad infections in different infestation degrees
mber, not infected with one of the tested pathogens (negative), positive
ns are included in the amount of samples and not shown separately.
3.3. Association of in situ hybridization with other
pathogens
The presence of intestinal trichomonads with infection
of other pathogens such as Brachyspira sp., porcine cir-
covirus type 2, L. intracellularis and E. coli were correlated
(data summarized in Fig. 2). In general, themajorityof cases
with presence of trichomonads also had an infection with
other intestinal pathogens. In both, m and h infestation
grades only one case out of ten or nine animals, respec-
tively, was negative for all tested pathogens. One case each
of both infestation grades, however, was only slightly posi-
tive in the PCV-2 ISH, a result which is considered of minor
clinical importance.
3.4. Gene sequencing analysisples having different infestation degrees of trichomonads
emigrating into intestinal tissues showed 100% sequence
identitywith T. foetus sequences accessible in theGenBank.
Table 2
Total numbers of pigs displaying moderate (m) or high-grade (h) para-
sitic load assessed using the OT probe (1st run), categorized for different
pathological lesions found. For each tissue section the quantity of tri-
chomonads (m or h) was evaluated in context with their location (either
within the intestinal lumen (lu), within crypts (c) or emigrating into the
lamina propria mucosae (e)). Multiple entries are included and not shown
separately.
m/lu m/c m/e h/lu h/e
Crypt hyperplasia 4
++–+++ non suppurative inﬂammation 1 2 1 6
Crypt abscesses 1 2 8
Mucus-ﬁlled dilated crypts 1 3 2
No lesions 2 1
Evaluation score: s: 0–3 parasites per high power ﬁeld (hpf); l: 4–15 par-
asites per hpf; m: 16–40 parasites per hpf; h: >40 parasites per hpf.
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Table 3
Results of comparative testing of the samples positive after the 1st run of
staining with the OT probe. Two consecutive tissue sections were tested
with the OT and the Tritri probe, respectively. Displayed are the differ-
ent infestation degrees reaching from scattered (s), low (l), moderate (m)
to high-grade (h) in context with the location of trichomonads (within
the intestinal lumen (lu), within crypts (c) or emigration into the lamina
propria mucosae (e)), achieved with each probe. Tissue samples negative
with the OT probe in this run compared to the ﬁrst run are indicated as
negative.
Lumen (lu) Crypts (c) Emigration (e) Total
Probe OT Tritri OT Tritri OT Tritri OT Tritri
Scattered (s) 31 5 12 11 7 4 50 20
Low (l) 10 1 9 8 5 3 24 12
Moderate (m) 1 0 1 1 8 8 10 9
High (h) 0 0 0 0 7 7 7 7
In total 42 6 22 20 27 22 91 48
Negative 9
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valuation score: s: 0–3 parasites per high power ﬁeld (hpf); l: 4–15 par-
sites per hpf; m: 16–40 parasites per hpf; h: >40 parasites per hpf.
.5. In situ hybridization with Tritri probe
Of 100 pigs tested positive in the ﬁrst ISH run with the
T probe, the positive result could be reproduced in 91
ases in the second run, whereas only 48 of 91 animals
evealed positive signals when tested with the Tritri probe
indetail seeTable3).Generally, animalswhichhadmoder-
te or high-grade trichomonad infestation showed positive
ignals with both probes.
. Discussion
In thiswork the pathogenicity andprevalence of intesti-
al trichomonads in pigs should be investigated. Due to the
uthors’ knowledge this is the ﬁrst time that trichomonads
n pigs are not only detected in faecal samples but were
irectly visualized in the intestinal tissue. For assessment
f the pathogenicity the parasitic load together with the
ocalization of the found trichomonads and the associated
athological lesions were taken into account. Especially
ultiplication within the crypt lumina to large numbers
nd invasion into the lamina propria mucosae are consid-
red to elicit tissue changes and resulting clinical signs.
n 27 pigs trichomonads were found in the lamina pro-
ria mucosae (Fig. 1), of which 14 displayed a moderate
o high-grade protozoal load. Due to the rather low num-
er of such cases a statistically correct estimation whether
here is an association with other enteropathogenic agents
Brachyspira sp., PCV-2, L. intracellularis, E. coli) seems to
e difﬁcult. However, h/e cases with concomitant his-
ological lesions have been found only exceptionally in
he absence of other enteropathogenic agents which sug-
ests that trichomonads act rather as secondary than as
rimary pathogens. Considering cases with low grade PCV-
positivity as not signiﬁcantly impaired increases the
ases of trichomonas infection in the absence of another
nteropathogenic pathogen to more than 20%. This aspect
ay be considered a further argument for the potential
athogenicity of trichomonads in pigs. In any case, it is verysitology 178 (2011) 58–63
likely that the excessive multiplication of trichomonads
even in cases with presence of other pathogens is respon-
sible for additional pathogenic effects and aggravation of
clinical disease. The gene sequencing analysis to further
classify the emigrating trichomonads identiﬁed them as T.
foetus. Taken together, these data suggest that intestinal
trichomonads in pigs namely T. foetus may no longer be
considered as apathogenic and irrelevant commensals.
In only 91 of the 100 pigs the positive ISH result with
the OT probe could be repeated in the second ISH run. This
variability might be due to the fact that at repeated cutting
some tissue material is lost before a suitable parafﬁn wax
tissue section can be achieved. To be able to better compare
the two probes used in the second run (OT and Tritri probe)
and minimize the detection variability, the second run was
performed on two consecutive tissue sections.
Only 48 pigs were positive using the Tritri probe com-
pared to 91 positive cases with the OT probe. Taking into
account that 3mthin sectionswereused and that T. foetus
is about 11–15m long and 3–4m wide (Tachezy et al.,
2002), the majority of the trichomonads should be present
in both tissue sections. Most of the pigs positive with the
OT probe and negative with the Tritri probe displayed scat-
tered to low infection grades and in themajority of animals
trichomonads were found in the intestinal lumen. There-
fore, the presence of other apathogenic trichomonads than
T. foetus has to be considered, which is currently further
studied.
In summary, approximately 10% of the tested pigs
displayed moderate to high infection grades with tri-
chomonads; in most of these cases there were marked
pathological lesions and approximately 80% of them had
an accompanying infection with other clinically relevant
enteropathogenic agents. All sequenced samples with low,
moderate or high load of trichomonads emigrating into the
laminapropriamucosae showed100% identitywithaT. foe-
tus strain. Therefore, the authors propose that T. foetus may
not longer be considered as amere commensal of the intes-
tine in pigs, but rather as a possible facultative pathogenic
agent with the ability for mucosa invasion. Additionally,
the collected data suggest the common presence of other
most likely apathogenic, commensalic, not yet described,
intestinal trichomonads.
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